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THE EFFECTS AND COMPLICATIONS CAFFEINATED 
BEVERAGES HAVE ON ORAL HEALTH  
ARZU MALIK 
ABSTRACT 
In this paper, the impact of caffeinated beverages on oral and systemic health was 
evaluated bringing to light a variety of outcomes. Coffee, tea and energy drinks are 
beverages that so many individuals around the globe consume in their daily lives yet the 
potential beneficial or adverse effects are rarely taking into consideration as drinks are 
consumed. These beverages cause positively influence antimicrobial, anti-cariogenic and 
anti-inflammatory responses on oral health yet there are also negative consequences that 
can arise. Society leads individuals to believe that these beverages are a necessity in 
people’s lives. Therefore, this thesis is written in hope to better understand the effects and 
impact these beverages have on the human body specifically the oral cavity. Some of 
these beverages, such as coffee and energy drinks, can have detrimental effects on oral 
health, teeth and systemic health. Outcomes from excessive intake of these drinks include 
dental erosion, cavities, and systemic health consequences. These types of beverages 
should be taken in moderation, otherwise negative effects can arise. On the other hand, 
sometimes caffeinated beverages can be beneficial to oral health such as when green or 
black tea are consumed. Considerable research has been performed to better understand 
the relationship between caffeinated beverages and how they influence the oral cavity. 
This thesis will evaluate this literature including both the positive and negative effects.  
  vi 
With moderate intake, these types of beverages can play a beneficial role in oral 
and systemic health. In summary, studied have documented the significant beneficial 
effects of caffeinated beverages including tea, coffee and energy drinks on oral and 
systemic health. These benefits include antibacterial and anti-cariogenic effects in the 
oral cavity and improvement in cardiovascular health, metabolism, overcoming fatigue 
and anti-inflammatory properties with respect to systemic health. As with many things, 
high or excess intake of caffeinated products can lead to negative consequences such as 
increased risk of cardiovascular disease, loss of tooth integrity due to sugar and staining 
leading to tooth discoloration. Research has made great strides in understanding the oral 
and systemic effects of such beverages. However, there are still unanswered questions 
that should be pursued in order to truly elucidate the mechanism of action specifically 
related to the ingredients seen in caffeinated beverages  
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INTRODUCTION 
 
Caffeine is known to be the most consumed bioactive constituent around the 
globe. It is found in a variety of plants such as coffee beans, tea leaves, cola nuts and 
cocoa pods. Many beverages that are consumed by individuals that contain caffeine are 
coffee, tea, soft drinks, energy drinks, chocolate products and more (National Coffee 
Association (NCA), 2012). Coffee has beneficial yet adverse side effects. However, 
moderate consumption of caffeine, 400 mg/day, is not related with adverse health effects. 
Some of the health effects that are seen with caffeine intake are improvements in mental 
alertness, concentration, fatigue and athletic performance, when not over-consumed. 
Other related relations between caffeine and health effects are weight loss, improved 
glucose tolerance and lower risk of type II diabetes and a reduced risk of certain cancers 
(Heckman et al., 2010a; Heckman et al., 2010b; Nawrot et al., 2003). However, there are 
adverse effects caffeine can have on oral and systemic health, especially through 
excessive caffeine consumption. Several examples include anxiety, headaches, nausea, an 
increase in cardiovascular harms (Heckman et al., 2010a; Heckman et al., 2010b; Nawrot 
et al., 2003) and other examples regarding oral health include particular caffeinated 
beverages having a negative effect through antibacterial and anti-demineralizing roles 
(Antonio, Farah, dos Santos and Maia, 2011). As seen, there are many different forms of 
caffeinated beverages, including the ones mentioned previously (Table 1) 
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Table 1: Caffeine quantity in certain beverages and food. The caffeine content in the 
selected beverages and foods. This table lists the different types of beverages and foods 
individuals tend to drink frequently and show the serving size in relation to caffeine 
content (Table taken from Gonzalez de Mejia and Ramirez-Mares, 2014).  
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Coffee is one of the main caffeinated beverages that individuals drink, all over the 
world, and is the seed of a fruit that comes from a tree of the Coffea genus, Rubiacceae 
family (Farah, 2011). The coffee seeds or beans undergo a roasting process that gives it 
its unique flavor and color (Charurin et al., 2002; Yen et al., 2005; Farah, 2009). Coffee 
can be seen consumed all over the world and is a universal beverage (Figure 1) (Chu, 
2011). The unique composition and bioactive ingredients in coffee is what makes coffee 
have its beneficial yet harming effects.  
 
 
Figure 1: Global coffee consumption. The amount of coffee consumption is shown in 
the bar graph, with European countries having a higher consumption level than other 
countries. The amount is seen calculated in kilograms and the highest coffee consumption 
being Finland while the lowest consumption is seen in Hong Kong (Chu, 2011) 
 
Tea is considered to be one of the most popular drinks around the globe and is the 
second most popular beverage, following water. Tea is another caffeinated beverage and 
comes from the plant Camellia sinesis, which is seen to grow primarily in China and 
Southeast Asia (Mukhtar & Ahmad, 1999; Wu & Wei, 2002). Reygaert mentions, there 
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are many different types of tea such as black, green, Oolong, and white. White tea is 
made from youthful tea leaves that have not even budded green yet and only includes 
drying as its only processed mechanism.  Green tea is also processed simply through 
drying via mature leaves. Oolong is a unique type of tea and is from slightly fermented 
mature leaves (Gupta et al., 2014; Jigisha et al., 2012). Black tea is made exclusively 
from leaves that have been fully matured and fermented. Black and green tea are both 
very popular types of teas around the world. Black tea is consumed highly in the United 
Kingdom and United States while green tea is consumed highly in China, Korea and 
Japan (Cabrera et al., 2006; Botten et al., 2015; Hayat et al., 2015). There are specific 
substances in teas that create the beneficial effects on oral and systemic health. The most 
important are known as polyphenols, which include flavonoids. Flavonoids are the most 
important in terms of creating a beneficial impact on human health, which will be 
discussed later on (Wang & Ho, 2009; Roowi et al., 2010; Babu et al., 2008). 
Another popular caffeinated beverage category is energy drinks. Energy drinks 
have become increasingly popular, especially among college students, and it has been 
noted that over half of college students reported to drinking at least one form of energy 
drinks in a month, which was found through a survey (Malinauskas et al., 2007).  The 
reasons for individuals to ingest energy drinks include counteracting sleepiness, 
increasing energy and maintaining alertness whether it may be for studying or even 
driving (Attila & Cakir, 2011; Malinauskas et al., 2007). As seen in coffee, there are 
specific constituents of energy drinks that allow it to have its effects. These effects are 
majorly due to the collaborative use of caffeine, taurine and glucose, seen in energy 
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drinks (Giles, Mahoney, Brunye, Gardony, Taylor and Kanarek, 2012).  
As mentioned, there are many constituents in caffeinated beverages that allow 
these drinks to have prominent effects to the human body. This thesis will discuss the 
implications certain caffeinated beverages have on oral and systemic health. There are 
both beneficial and harmful effects that these drinks have on individuals’ health and this 
thesis will highlight those findings. 
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OBJECTIVES 
 
 The consensus opinion on this topic varies. The majority of caffeinated beverages, 
such as soda, energy drinks and coffee, have negative impacts on oral health. Soda and 
energy drinks contains a large amount of sugar, which have negative consequences on 
teeth. Coffee has mixed outcomes, as it can promote staining of teeth but also is not as 
bad of a negative impact on oral health, compared to soda and energy drinks. On the 
other hand, tea has many beneficial factors and has been shown to promote metabolism, 
overall good systemic health and positive views on oral health.  
 This thesis aims to explore the positive and negative effects different caffeinated 
beverages have on oral health. These are beverages that individuals from all cultures and 
ages drink in their daily lives. Many of these beverages shape the way individuals’ teeth 
and oral health develop, mostly in a negative way. Therefore, this thesis investigates how 
these beverages cause damage to the oral cavity and specifically what component(s) of 
these beverages impact the oral cavity in a negative way.  Additionally, this study will 
evaluate if an individuals’ or population’s socioeconomic background impacts these 
findings.  
 We hope this study provides detailed information on the impact these beverages 
have on oral and systemic health so that it will aid in educating others on the various 
benefits and complications these drinks have. 
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PUBLISHED STUDIES 
 
Tea has been shown to produce many oral and systemic health benefits. Green tea 
especially, has been seen to have many beneficial outcomes in terms of helping oral and 
systemic health. What makes green tea achieve this valuable quality is what is it made up. 
Green tea is composed of proteins, which include enzymes, carbohydrates, lipid 
components, in addition to other macronutrients such as vitamins, xanthic bases like 
caffeine and theophylline, pigments, volatile compounds, minerals and trace elements 
(Cabrera et al., 2006; Astill et al., 2001). However, a key component in tea are 
polyphenols, which come in all different types. Catechins are the main type of 
polyphenols and many of the health advantages that come about green tea are due to this 
polyphenol (McKay & Blumberg, 2002).  
 
Green Tea 
 Consuming tea has its benefits and it has been shown that teas, especially green 
tea, has been seen to decrease the likelihood of dental caries (Wu & Wei, 2002). From a 
study, Magalhaes et al., (2009) had found a way that helped prevent tooth erosion and 
abrasion of the tooth’s dentine by using green tea extract via mouth rinse, which had a 
similar effect as if rinsing the mouth with fluoride or chlorohexidine extract (Magalhaes 
et al., 2009). Furthermore, when mouthwash was used alongside green tea for one week 
(1.6 g of pulverized green tea in 40 ml DDW, 3 times a day), the combination of the 
mouthwash and green tea was able to reduce the levels of Streptococcus mutans, a caries 
causing pathogen, and lactobacilli a substantial amount.  When these pathogens decrease 
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in amount, it is likely that there will be a decrease in exposure of dental caries 
(Ferrazzano et al., 2011). Anti-inflammatory and antimicrobial activity, against 
Streptococcus mutans in the oral flora, is how green tea is able to achieve such beneficial 
activity against harmful bacteria and organisms (Reygaert, 2017). There is a variety of 
organisms that are affected by the consumption of green tea since green tea has 
antimicrobial and anti-inflammatory effects (Table 2) (Reygaert, 2017).  Another study 
from Zhang et al., (1998) had demonstrated a decreased in alpha amylase action, in 
human saliva, which is also another contributive factor showing the ability that 
consumption on tea can have anti-cariogenic affects (Zhang et al., 1998). 
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Table 2: Organisms effected by green tea consumption. A list of various organisms 
that are affected by green tea’s components and actions. Green tea has antimicrobial 
activity that help protect the oral cavity and prevent organisms, such as listed below, that 
promote cariogenic and dental erosion. (Reygaert, 2017).  
 
 
Catechins 
Catechins are a valuable component of green tea and help to prevent dental caries 
and potential dental complications like periodontitis. Epigallocatechin gallate (EGCG), a 
catechins in green tea, is seen to have quite a few ways that help the prevention of dental 
caries and uses its ability to bind and inhibit salivary and bacterial amylases, especially 
alpha amylase, which is how dental caries can be prevented (Gaur & Agnihotri, 2014; 
Awadalla et al., 2011; Kushiyama et al., 2009; Kato et al., 2009). In addition, lactate 
dehydrogenase (LDH) is inhibited by EGCG and by inhibiting the transcription and 
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function of LDH, EGCG stops the production of acids from carbohydrates. Other 
elements that EGCG achieves for promoting good oral health is decreasing the formation 
of biofilms, inhibiting bacteria that may adhere to teeth and impeding bacterial abilities 
that like to create an acidic environment (Gaur & Agnihotri, 2014; Kato et al., 2009; Hara 
et al., 2012; Narotzki et al., 2013). EGCG also has abilities to prevent the development 
and advancement on periodontitis. When assessing the gums via probing the depth of 
gums, loss of attachment, bleeding of the gingiva and dental erosion, it was seen that the 
consumption of green tea had positive effects on the health of periodontal oral health 
(Reygaert, 2017). This is with the help of EGCG by using antimicrobial effects against 
Porphyromonas gingivalis, a major bacterium that is involved with gingivitis, and in 
addition, prevents this gingivitis causing bacteria to bind to epithelial cells found in the 
mouth, through the use of fimbriae (Reygaert, 2017). EGCG also helps minimize tissue 
destruction by blocking the formation of matrix metalloproteins and interleukin (IL)-8, 
which both function to initiate demolition or damage to the tissue (Gaur & Agnihotri, 
2014; Awadalla et al., 2011; Kushiyama et al., 2009; Kato et al., 2009). In general, 
polyphenols can have the ability to take part in the increase of anti-oxidant activity of 
oral fluids. The polyphenol from green or black tea, when in the mouth for 2-5 minutes, 
increases the antioxidant capacity of saliva (Lee et al., 2004). Therefore, green tea can be 
seen to display positive effects on oral health through its unique composition. Green tea 
components can be seen having antioxidant, anti-mutagenic, anti-carcinogenic, 
modifying cardiovascular risk, and bodyweight improvement roles in terms of systemic 
health (Table 3) (Narotzki, Reznick, Aizenbud and Levy, 2012).  
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Table 3: Green tea components effect on oral health. Different types of studies and compounds were done to show green 
tea’s effect on oral health. The type of study was revealed along with the length of the study and type of green tea component 
used. Results showed a variety of beneficial effects green tea has on oral health such as prevention of dental erosion, reduction 
in malodor and a decreased number of oral tumors. (Table taken from Narotzki, Reznick, Aizenbud and Levy, 2012). 
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Polyphenols 
Polyphenols are an important part of beverages, such as tea, and have also been 
linked with the prevention of oral cancer. Squamous cell carcinoma is one of the most 
common forms of oral cancer and having been studied extensively through various in 
vitro studies (Lippman & Hong, 2001). Specific polyphenols, like catechins, combat 
many mechanisms involved in oral cancer by inhibiting the formation of 
metalloproteases, which leads to a possibility of decreasing invasion and migration (Ho et 
al., 2007), inducing cell death (Hsu et al., 2001; Masuda et al., 2001), and preventing 
growth in oral cancer and oral leukoplakia cell lines (Khafif et al., 1998). Other 
polyphenols include methoxylated flavonoids and proanthocyanidins. Methoxylated 
flavonoids inhibit DNA that binds to cancer-causing compounds. In addition, they are 
usually found in citrus fruits, pepper and betel. Proanthocyanidins acts by decreasing cell 
multiplication of oral cancer cells, found in humans, that are infected by human 
papillomavirus (HPV) and are commonly seen in red wine, fruits that are pigmented, nuts 
and chocolate (King et al., 2007). 
Halitosis, which is also referred to as bad breath, is a complaint many individuals 
may have and a solution for it could be the consumption of green tea. It can arise due to 
the occurrence of dental caries (Narotzki, Reznick, Aizenbud and Levy, 2012). During 
the decay process of teeth, volatile sulfur compounds are produced which causes the foul 
odor that is present in the mouth (Narotzki et al., 2012). Reports have shown that tea 
extracts and the polyphenols associated with the teas, inhibited in vitro growth and VSC 
(volatile sulfur compounds) growth by oral anaerobes that are associated with oral 
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malodor (Wu et al., 1999; Zhu et al., 1999). Halitosis could also be a result of 
progressive periodontal disease, therefore, a study by Kaneko et al. (1993) had learnt that 
through a four-week routine of rinsing the mouth with a type of dilute catechin solution, 
reduced mouth halitosis that was associated with periodontal disease (Kaneko et al., 
1993). EGCG was the main cause of reducing mouth halitosis by deodorizing methyl 
mercaptain (Yasuda & Arakawa, 1995).   
Besides green tea’s beneficial impact on oral health, it also benefits part of 
systemic health such as the cardiovascular system. Cardiovascular disease (CVD) is 
associated with numerous factors that include factors such as inflammation, oxidative 
stress, platelet aggregation and lipid metabolism (Jochmann et al., 2008). However, many 
studies have shown the positive impact green tea consumption has on cardiovascular 
health. Two studies from Japan had studied a large number of individuals, who had 
consumed various cups of green tea daily in order to better understand and assess the 
relationship green tea has in regard to the risk of CVD. A reduced mortality rate was seen 
with CVD, due to green tea consumption. One of the Japanese studies had shown a 28% 
decrease in CVD death in individuals who had consumed amounts of green tea between 
less than or equal to 3 cups and greater than or equal to 10 cups (Nakachi et al., 2000; 
Kuriyama et al., 2006). Green tea extract was also used to assess green tea consumption 
in respect to cardiovascular health in another Japanese study. Participants had shown 
decreases in body fat (10%), blood pressure (6.5%), and low-density lipoprotein levels 
(2.6%) (Nagao et al., 2007; Fukino et al., 2005), which all propose a reduced chance of 
attaining CVD. Myocardial infarction (MI), is another CVD that has been shown to 
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decrease due to green tea intake (Reygaert, 2017). A large meta-analysis over the course 
of 30 years that included data from places such as the Europe, the UK and U.S, was done 
to further study the relationship between MI and green tea consumption. This meta-
analysis had found that green tea consumption that was increased by three cups per day 
was shown to decrease the risk of MI death by 11% (Peters et al., 2001). To further 
understand the relationship, a different study had shown a comparison between drinking 
green tea and not drinking green tea. The results showed that participants of the study 
who had drunk green tea regularly in their daily lives, one year prior to having MI, and 
drunk more than 14 cups of green tea weekly, had a 10% mortality rate of MI death 
compared to the other group who did not drink green tea, which resulted in an increased 
MI death rate of 14% (Mukamal et al., 2002). Therefore, these studies support the idea 
that green tea consumption does have benefits in terms of lessening the chances of CVD 
risk and the MI mortality rate.  
Anti-inflammatory effect 
 Green tea’s anti-inflammatory effects help many other systemic diseases such as 
arthritis, aging and cancer. Rheumatoid arthritis (RA) and osteoarthritis (OA) are diseases 
that have been researched alongside individuals’ consumption of green tea for anti-
inflammatory analysis (Reygaert, 2017). Green tea catechins, an integral part of green 
tea’s beneficial actions, was found to cause a decrease in the number of leukocytic 
CAMs, such as ICAM-1, VCAM-1 and E-selection. This reduction confines the ability 
for neutrophils to migrate to sites of infection, which is a critical step for inducing an 
inflammatory response (Naito & Yoshikawa, 2009; Liu et al., 2016). Some other studies 
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have shown that the intake of green tea or EGCG, have suppressed certain features and 
factors that are known to regulate neutrophil function (Dona et al., 2003; Akhtar & 
Haqqi, 2011; Behfarnia et al., 2016). Studies competed to better understand the outcome 
of inhibiting pro-inflammatory factors demonstrated that green tea catechins have the 
ability to downregulate inflammatory responses from chemokines, cytokines, and other 
inflammatory markers (Akhtar & Haqqi, 2011; Kim et al., 2006; Tang et al., 2008; Liu et 
al., 2011).  
Impact on Oral Health 
As previously mentioned, green tea has had beneficial effects on oral and 
systemic health yet there are studies that have shown herbal and black teas to cause 
dental erosion and surface tooth loss (Brunton & Hussain, 2001). The study evaluated the 
dissimilar impacts different teas may have. From this study, three groups of 21 teeth were 
being exposed towards different popular teas, conventional black tea and herbal tea, 
respectively Group A and Group B. There was also a control group of water, named 
Group C. Profilometric tracings of the teeth were taken and the degree of how much 
enamel lost was calculated before and after the exposure. From the study, it was observed 
that both black and herbal tea has caused some damage and loss to the tooth’s surface. 
However, the herbal tea was noted as causing more tooth loss than conventional black tea 
that could be due to the difference in pH values of the two teas. The mean pH values seen 
throughout the experimental procedure of conventional black tea, herbal tea and water 
were 4.8, 3.2, 7.9 correspondingly (Brunton & Hussain, 2001). The critical pH value that 
is necessary for the demineralization of enamel is 5.5, therefore it was to no surprise that 
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conventional black tea and herbal tea had caused some tooth loss since both pH values 
were lower than the necessary amount (Brunton & Hussain, 2001). To the researchers 
view, it was not a shock that the herbal tea that was used in the study had caused enamel 
loss and was erosive of the dental enamel since the tea given was of citrus base (Brunton 
& Hussain, 2001). The herbal tea in this study resulted in five times greater damaging 
effects on erosion of dental enamel compared to conventional black tea. The participants 
in the study were regular tea drinkers, therefore, the combined effect of the herbal tea and 
regular consumption of herbal tea, would provide good clinical significance towards the 
loss of dental enamel from teas, like seen in this study (Brunton & Hussain, 2001).  
 Tea polyphenols are seen to have no effect on de/remineralization of enamel 
blocks in addition to no synergetic action of tea polyphenol and fluoride in a sterile 
system (Li et al., 2004). Therefore, this finding suggests that tea polyphenol may have 
anti-cariogenic effects through anti-microbial properties or actions. This study 
demonstrate how different teas are able to result in anti-cariogenic effects (Ferrazzano et 
al., 2009). It was highlighted that the polyphenolic compounds found in oolong tea, had 
the potential to control the progression or prevention of dental caries. When the 
researchers conducted their study, oolong tea extract (OTE) and the polyphenol 
compound was incorporated into the diet and water of the rat’s that were infected with 
Streptococcus mutans, and found that there was a significant decrease in dental caries and 
plaque developing (Ooshima et al., 1993). OTE was tested in vitro, to further understand 
the properties it had on inhibiting caries development. OTE was shown to have a reduced 
rate of acid production by the acid-producing bacteria in the mouth, Streptococcus 
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mutans, and this was supplemented with slow growth rate of the bacteria (Ferrazzano et 
al., 2009). This could be also due to chromatographically isolated oolong tea 
polyphenol’s ability to inhibit the conformance of bacteria on the surface of teeth 
(Matsumoto et al., 1999).  
Impact on Systemic Health 
 Tea polyphenols have shown other impacts on systemic health in terms of cancer. 
Potential teas that have anti-carcinogenic activity were studied in vitro (McKay and 
Blumberg, 2013). Breast, lung, stomach and colorectal cancer are some of many types of 
cancers that may be affected by tea. Studies completed in Japan have found that green tea 
had the ability to modify estradiol and globulin levels and may impact the risk of getting 
breast cancer (Nagata et al., 1998). In a study by Mendilaharsu et al. (1998), it was 
reported that drinking two or more cups of black tea in a day, decreased lung cancer risk 
by a drastic 66% in a case control study of 855 male smokers in Uruguay. However, other 
studies have said otherwise and resulted in seeing no chemo preventive action by black 
tea on lung cancer (Zheng et al., 1996; Goldbohm et al., 1996; Hertog et al., 1994). There 
has been multiple studies on tea’s effects on stomach cancer and it has been noted that the 
flavins in black tea can induce cell death, in addition to blocking human stomach cancer 
cells in dose dependent manner (Hibasami et al., 1998). Tea has been shown to have 
strong associations with gastrointestinal (GI) cancers such as colorectal cancers (McKay 
and Blumberg, 2013). Studies have shown a strong chemo-preventative action of tea 
flavonoids against specific GI cancers, and green tea to have a shielding effect on 
colorectal cancers in China and Japan (Bushman, 1998).  These findings, and the 
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potential anti-cancer effects of tea, support the need for continued studies to better 
elucidate this association.  
Coffee 
Coffee has various ways to potentially prevent dental caries and a majority of its 
ways are due to its unique composition. Green coffee, which comes from coffee beans 
that have not been roasted yet, is composed of caffeine, chlorogenic acids, trigonelline 
and the diterpenes cafestol and kahweol, which all help coffee to achieve its beneficial 
effects (Farah, 2009). The different chemical compounds attribute to coffee’s 
characteristics are shown below (Table 4) (Chu, 2011).  
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Table 4: Comparison of component amounts in different coffee types. The chemical 
composition in the two different green coffee types, coffea arabica and coffea canephora. The 
table shows that green coffee is primarily made of carbohydrates, polysaccharides, proteins, oil, 
minerals, chlorogenic acids and more. Results showed that trigonelline, caffeine, chlorogenic 
acids, diterpenes and soluble fiber were seen to have bioactive effects and contribute to coffee’s 
effects and flavor. (Table taken from Chu, 2011). 
 
 
 
Compounds in Coffee 
A well-known compound in coffee is caffeine, a heat stable methylxanthine that 
has the known physiological effects of stimulation of the central nervous system, 
decrease in sleep and stimulation of the heart muscle (Nehlig, 1999; Farah, 2006). Studies 
have shown the process of roasting coffee and it resulted in a change in composition of 
coffee. Caffeine, during the roasting process of coffee beans, had not been drastically 
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altered but small losses could have occurred. In addition, the roasting process had 
degraded trigonelline, therefore it is safe to say that roasting coffee modifies the 
composition of coffee, which may or may not alter the effect of coffee when consumed 
(Farah, 2009). It is known that chlorogenic acids, which are a type of polyphenol are 
considered to be antioxidant compounds. Coffee has a high content of chlorogenic acids 
and therefore, coffee is thought to be the largest antioxidant activity of diets in the 
western world (Farah, 2011). Studies have seen that the effects of chlorogenic acids show 
promoting effects on the replication and mobility of murine macrophages, antimutagenic 
properties and the ability to reduce blood glucose levels through various mechanisms, 
such as inhibiting glucose-6-phosphatase (Arion et al., 1998; Herling et al., 1998). 
Another important component of coffee is Trigonelline, which is an alkaloid. 
Trigonelline has multiple effects on oral and systemic health such as inhibiting the 
invasiveness of cancer cells in vitro (Hirakawa et al., 2005). It has also been shown in 
animal models that Trigonelline is able to regenerate axons and dendrites, which could 
contribute to improve memory (Tohda et al., 2005). In favor of oral health, it has been 
shown to be an antibacterial compound against Streptococcus mutans and therefore, may 
decrease dental caries (Antonio et al., 2010). Other components in coffee that produce a 
beneficial effect are pentacyclic diterpene alcohols, Cafestole and Kahweol. These are 
compounds are a part of the lipid fraction in coffee (Farah, 2011). In vitro, these 
compounds have shown to be anticarcinogenic and hepatoprotective. However, it has 
been seen that in when consuming these compounds in high amounts, there was an 
association with increased homocysteine and low-density lipoprotein levels in human 
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plasma, which could be seen as potential risk factor in increasing the chances of having 
CVD (Farah, 2011). A study by Kashket et al. (1985) demonstrated the inhibition of the 
formation of glucosyltransferase by cariogenic bacteria and additionally, had thought that 
this mechanism of inhibition was due to the polyphenols present in coffee (Kashket et al., 
1985). Polyphenols, which was also present in teas, act on a variety of bacterial strains 
from a wide variety of species. Specifically, polyphenols found in coffee, Caffeic acid 
and 5-caffeolyquinic, have been shown to be effective on different bacterial strains such 
as Legionella pneumophilia, other enterobacteria and Streptococcus mutans (Dogasaki et 
al., 2022; Almeida et al., 2006; Antonio et al., 2010; Almeida et al., 2004). Polyphenols 
are not the only compounds that have the ability to act on Streptococcus mutans, it was 
also seen that other components of coffee, such as trigonelline, caffeine and alpha-
dicarbonil compounds, were shown to have antibacterial effects against Streptococcus 
mutans (Daglia et al., 2007).  Certain studies have shown that coffee has anti-
demineralization effects to help stop the demineralization process and acid production 
that results from carbohydrate breakdown by cariogenic bacteria. A study by Antonio et 
al. has suggested that certain types of coffee, such as a light roasted Coffea canephora 
extract, can have the ability to interact with the enamel organic matrix. During an acid 
attack via certain micro-organisms, the extract would inhibit the decomposition of the 
organic matrix, which was confirmed following chemical analysis of the coffee extract. 
The analysis had shown a big quantity of calcium and phosphorus (Antonio et al., 2011). 
Another study by Zhang et al. (2009), had also affirmed the inhibition of the 
demineralization process that was seen through the interaction between polyphenols in 
  
 
22 
coffee and organic matrixes, which makes sense since coffee extract contains a large 
number of polyphenols.  
Similar to what was mentioned earlier, coffee is composed of multiple compounds 
including chlorogenic acid, which plays a role in acting as an antioxidant in coffee. 
However, it has been observed that the antioxidant activity of coffee may change due to 
the roasting effect of coffee (Bae, Park, Im and Song, 2014). Diterpenes, which are the 
main compounds in coffee that raise the cholesterol level, are found in coffee oil but 
usually get removed during the filtering process through the filter paper (Bae et al., 
2014). This means that unfiltered coffee has a higher amount of diterpenes, which would 
contain a higher amount of cholesterol levels (S. H Jee et al., 2001). In addition, coffee 
consumption has been seen to reduce the risk of liver damage in individuals who are of 
high risk for certain liver diseases, involving those with hepatic injury, cirrhosis and 
hepatocellular carcinoma (Homan & Mobarhan, 2006). The effects of coffee intake has 
also been shown in athletes or other individuals who participate in long-duration 
activities to improve stamina performance (Kawachi et al., 1996). Coffee consumption 
has also been shown to reduce the risk of cancers (Cano Marquina et al., 2013). Some of 
the cardiovascular effects from coffee include tachycardia, high blood pressure and 
occasional arrhythmia (Bonita et al., 2007). Recent studies have also concluded that 
further research is needed to more fully understand the association between coffee and 
the cardiovascular system, but it is seen that there is at least somewhat of an association 
between coffee intake and the stroke risk (Cano Marquina et al., 2013). Another 
complication coffee can have on systemic health is that it could lead to a minor reduction 
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in the proficiency of calcium absorption seen in the GI tract (Bae et al., 2014). Therefore, 
intake of calcium and vitamin D in addition to limited coffee consumption of 2-3 cups in 
a day could help decrease the risk of osteoporosis (Higdon & Frei, 2006).   
There are a number of ways coffee impacts oral health and one complication of 
coffee consumption is tooth loss. A study by Song, Han, Ryo, Choi and Park have 
demonstrated the significance coffee intake has on Korean adults. The study had utilized 
cross sectional and nationwide surveys to collect data including measurements such as 
sociodemographic, lifestyle, anthropometric and biochemical measurements (Song et al., 
2018). Participants in the study would report their oral hygiene routine and then at the 
end of the study, participants were divided into two groups depending on the number of 
teeth they had left. The study found that higher levels of body mass index (BMI), waist 
circumference (WC), total cholesterol (TC) and low-density lipoprotein cholesterol 
(LDL-C) were all higher in individuals who drank coffee daily. In addition, individuals 
who had metabolic syndrome had an increased risk of losing more teeth. It was seen that 
there was a rising tendency of people using instant coffee in South Korea, which could be 
a potential reasoning as to why there is a relationship between tooth loss and coffee. 
(Song et al., 2018). Another cross-sectional study (Kim et al., 2014), that also involved 
Korean adults, have demonstrated through their results that 76% of participants in that 
study were habitual coffee drinkers and the type of coffee was mainly instant coffee with 
added sugar and powdered creamer. Through this study, it was shown that individuals 
who drank instant coffee had a higher chance of attaining metabolic syndrome, obesity, 
abdominal obesity and hypo- high density lipoprotein cholesterol (HDL-C) (Song et al., 
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2018). Additional studies also reported that instant coffee when consumed with a large 
sugar quantity also had the likelihood of affecting metabolic syndrome (Marventano et 
al., 2016). Furthermore, a different study (Das & Rajput, 2013) supported this 
relationship and revealed a correlation between metabolic syndrome and tooth loss. Sugar 
is known to be detrimental to oral health and teeth in general, so it can be assumed that 
when sugar is added to coffee, it can increase the chance of tooth loss. It was noted in the 
study that the sugar stained in the coffee had the potential to progressive into bacterial 
fermentation, which would lead to further damage of the tooth surface, known as enamel 
(Das & Rajput, 2013). The same study mentioned that the risk of dental caries increased 
in individuals when coffee intake included sugar, creamers and other additives, as 
compared to individuals who just drank coffee without the additives, who were seen to 
have a preventative effect from dental caries (Das & Rajput, 2013). The significance of 
periodontal disease is also seen in individuals who consume a greater amount of coffee, 
among Korean male adults. It was shown, that there was a 45% increase in the 
occurrence of periodontitis in individuals who had drank at least three or more cups of 
coffee in a day (Han et al., 2016). This experiment demonstrated that caffeine had the 
ability to inhibit the production of osteoblasts via reducing the amount of vitamin D 
receptors that were seen on the surface of osteoblasts (Lacerda et al., 2010; Rapuri et al., 
2007). The study demonstrated that consumption of coffee was linked to an increase 
prevalence of osteoporosis and osteoporotic fractures (Higdon & Frei, 2006), which also 
promotes tooth loss (Nicopoulou-Karayianni et al., 2009) Other findings with long-term 
cohort studies determined that 4 or more cups of coffee in a day, which is considered as a 
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high amount, was related with a small decrease in bone density (Hallstrom et al., 2013). 
Tooth discoloration and staining are a consequence that could arise due to coffee 
consumption. Coffee, tea, and other beverages are considered extrinsic factors that 
promote tooth discoloration (Manuel, Abhishek, Kundabala, 2010). The enamel in tooth 
has microscopic pits and edges where particles from food and drinks can lodge. The 
pigment found in beverages that are of darker color, such as coffee, tea and soda, is 
trapped in those pits and edges found in enamel. When proper oral hygiene is not taken 
care of, the particles of those beverages can cause potential permanent staining on teeth 
(Woudstra from Colgate, 2019). Tannins and chromogens that are found in beverages 
may also contribute to staining. Staining from tannin is more stubborn to remove, and for 
people that are using home whitening kits to remove the stains, it could stay up to three or 
four sessions in order to see a drastic change. The tannins and other parts of polyphenols 
in general, such as gallic acid derivatives, seem to cause the stain to turn the teeth to a 
yellow or brown color (Figure 2) (Eriksen and Nordbo, 1978; Greenwall, 2017). 
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Figure 2: Tooth discoloration. Tooth discoloration is seen in this individual’s anterior 
teeth. Consumption of large amounts of beverages such as coffee or tea was the reason 
for the discoloration and stained composite restorations. (Figure taken from Greenwall, 
2017). 
 
 
Coffee’s effects have also shown an impact both positively and adversely in 
regards to systemic health. Data from larger populations have supported positive health 
benefits from coffee consumption. Benefits include lower risks of Parkinson’s and 
Alzheimer’s disease, a satisfactory effect on the health of the liver and its function, also a 
potential role in weight loss and a decrease chance of developing some cancers which 
include, endometrial, prostatic, colorectal and liver cancer (Cano-Marquina et al., 2013; 
O’Keefe et al., 2013). In addition to these positive outcomes, a decrease in Type 2 
diabetes (T2D) has also been associated with coffee intake, particularly; every additional 
cup of coffee is associated with a decrease disease risk of 7%. On the other hand, coffee 
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consumption and its effect on cardiovascular health is seen as an adverse effect. Findings 
indicate that the adverse effects on cardiovascular health included blood pressure, serum 
cholesterol and plasma homocysteine (Cano-Marquina et al., 2013; O’Keefe et al., 2013). 
In addition to some of the harsher effects, coffee consumption has been related to bone 
loss, a decrease in bone density, in relation to heavier coffee consumers, and an increase 
in blood pressure (Cano-Marquina et al., 2013; Bhatti et al., 2013). There has been 
evidence that points out women who are pregnant should limit their caffeine intake to a 
daily intake of 300 mg (Gonzalez de Mejia and Ramirez-Mares, 2014).  An excess in 
caffeine could lead to a spontaneous death or abortion of the fetus or even lead to 
impaired growth of the fetus, in a pregnant woman (Cano-Marquina et al., 2013; Bhatti et 
al., 2013). It is seen that headaches, nausea, anxiety, hypertension and restless can be 
observed in individuals that consume an excess amount of caffeine, especially caffeinated 
coffee. Intensity will depend on other factors such as the person’s age, sex, and weight 
and also must consider the amount of excess coffee. Even though there are adverse 
effects seen with coffee intake on systemic health, the benefits outweigh the 
disadvantages. It is said that a daily intake of three to four 8-oz cups of brewed coffee is 
met as a moderate amount for adults, and that this amount can be linked with a neutral or 
beneficial effect on systemic health (Cano-Marquina et al., 2013; O’Keefe et al., 2013; 
Shimamoto et al., 2013; Bhatti et al., 2013).  
Caffeine and Energy Drinks 
  Caffeine is often the main active component of energy drinks. However, in order 
to maximize the effect energy drinks, have on the human body, many companies provide 
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additives that help enhance caffeine’s performance (Hoffman, 2010). There are many 
adverse effects of energy drink consumption via caffeine intoxication such as 
nervousness, anxiety, restlessness, insomnia, upset stomach, tremors, tachycardia, 
psychomotor agitation and even in rare occurrences, death (Clauson et al., 2003). The 
main ingredients seen in energy drinks are caffeine, guarana, taurine, sugar, ginseng and 
bitter orange (Clauson et al., 2003). The unique ingredients in energy drinks adds to the 
effects it has on oral and systemic health. Guarana is a type of natural botanical and 
provides 250 mg of caffeine in 3–5 g (Babu et al., 2008). Guarana seeds contain about 
three times the amount of caffeine when compared to coffee beans, and can be assumed 
to intensify energy levels and alertness in individuals (Author unknown, 2008). Taurine is 
an amino acid and assumed to increase the effects of caffeine and ease muscle fatigue 
(Babu et al., 2008). Documentation for adverse effects of taurine in energy drinks has not 
been seen but there have been reports of deaths that linked it with the consumption of 
energy drinks that had caffeine and taurine in the ingredients list, therefore, it has been 
limited in sales (Clauson et al., 2008). Energy drinks contain a high amount of sugar 
ranging from 60-90 g, which exceeds the maximum suggested amount of daily 
consumption of sugar, by two or three times. The “sugar high” gives people a momentary 
energy boost (Author unknown, 2008; Clauson et al., 2008; Gates, 2009; Johnson et al., 
2009). Ginseng has many characteristics such as improvement in immune function, 
physical endurance, enhance overall well-being and resist environmental stressors 
(Clauson et al., 2008; MD Consult, 2007). Common benefits of ginseng include an 
improvement of cognitive function, concentration and memory. However, there has not 
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been accurate data providing this information about ginsengs benefits, even though 
manufacturers claim it does (Clauson et al., 2008; MD Consult, 2007). Bitter orange is a 
botanical that is not always found in energy drinks. The combination of bitter orange with 
other additives and stimulants can increase bitter orange’s therapeutic effects (Clauson et 
al., 2008). Norepinephrine and epinephrine are similar to synephrine, which is the active 
component in bitter orange (Clauson et al., 2008). This particular botanical has been seen 
to have similar adverse effects as ephedra did but not much evidence or data has been 
seen if it is better or safer than ephedra (National Institutes of Health, 2009). Some of the 
effects bitter orange has is to increase blood pressure and heart rate (Clauson et al., 2008).  
The collaborative effects of caffeine and other ingredients, seen in energy drinks, 
promote weight loss in individuals. Before the ban of ephedrine alkaloids, it was shown 
that caffeine and ephedra, which is an herb, has shown to be a successful supplement for 
promoting weight loss through stimulation and increasing metabolic rate (Boozer et al., 
2002; Greenway et al., 2004). Now it can be seen that with the use of synephrine, a mild 
stimulant, appetite suppression, increased metabolic rate and lipolysis are all 
contributions that Synephrine makes (Eugh-Berman & Myers, 2004), in combination 
with other herbal products in order to produce the maximum effect (Haller et al., 2005). It 
is shown that the herbal products used, in combination with Synephrine, take part in 
improving lipolysis and increasing energy disbursement (Hoffman, 2010). A study 
examined the effects Redline Princess, a type of energy drink, had when a small amount 
was consumed. Many additional ingredients besides caffeine were apparent in this energy 
drink. Results had showed that a small consumption of Redline Princess displayed 
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heightened fat utilization, which was accompanied by a larger caloric spending (Hoffman 
et al., 2006; Taylor et al., 2007). Additional studies have shown that caffeine intake along 
with different herbal products in energy drinks had also increased caloric energy 
expenditure (Hoffman, 2010). Therefore, it can be seen that energy drinks that are 
composed of various herbal ingredients along with caffeine have the ability to result in 
weight loss. Studies have showed the effect of continuous use of energy drink intake, in 
relation to weight loss, and promising results have been shown (Hoffman, 2010). A study 
by Boozer et al. (2002), had demonstrated the consumption of a caffeine containing 
energy drink, and ephedrine, for 6 months lead to a reduction in body fat and mass. Other 
studies have supported this finding including a study by Roberts and et al. (2008), where 
healthy college athletes were consuming Celsius, an energy drink containing caffeine, 
green tea leaf extract, ginger extract and other herbal supplements (Hoffman, 2010).  
An additional effect that energy drinks have on systemic health is the way it 
effects athletic performance. Caffeine increases the delay in which fatigue may arise for 
individuals and athletes that perform endurance heavy activities. This effect may be due 
to caffeine’s ability to modify metabolism during exercise, via preserving the muscles 
glycogen storage, through boosting fat oxidation (Spriet, 1995). Further studies have 
demonstrated that supplements for pre-exercise also have the ability to delay tiredness or 
exhaustion and improve the value of a resistance heavy workout (Hoffman et al., 2007; 
Hoffman et al., 2008; Ratamess et al., 2007). The Hoffman et al. study showed that a 
multi-ingredient energy drink that contained 110 mg of caffeine, 1,500 mg of L-taurine, 
350 mg of glucuronolactone and 5.2 g of branches-chain amino acids consumed 10 
  
 
31 
minutes before a resistance-based workout, resulted in an increased acute exercise 
performance due to an increase in volume of exercise done (Hoffman et al., 2008).  
Energy Drinks and Oral Health 
 Energy and sports beverages have the potential to lead to dental complications, 
such as dental caries and erosion, due to their composition. The titratable acidity and pH 
are both factors tested in energy drinks to determine the erosive potential. Researchers 
from the University of Helsinki (Meurman et al., 1990), in Finland, have conducted 
studies on various energy and sports drink to assess the type of acid used in these 
beverages and its effects on dental erosion. The researchers from this study had used an 
in vitro bovine enamel model to demonstrate citric acid effects, which is the main type of 
acid used in these types of drinks and how citric acid had a superior erosive harm on teeth 
than malic acid. The findings from this study (Meurman et al., 1990) showed that sports 
and diet cola drinks had similar erosive potential yet not as harmful as the potential of 
cola and orange juice. However, the actual relationship between sports drinks and dental 
erosion is less clear Many studies have studied this relationship however it is unclear if 
energy drinks correlate or are causative in dental erosion or caries (Coombes, 2005).  
 A study by Milosevic demonstrated the impact various energy drinks had on 
teeth. The impact of sports drinks Gatorade, Lucozade Sport Lemon, Lucozade Sport 
Orange, High Five, Isostar, Maxim and PSP22 on tooth loss was determined. Citric acid-
based energy drinks were also reported to have more of an erosive effect on teeth 
compared to malic acid drinks (Meurman et al., 1990). Dental decay can be observed in 
athletic individuals who do not take good care of their oral hygiene, since 
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monosaccharides and disaccharides are considered to be highly cariogenic, which is what 
sports drinks are mainly composed of. The sports drinks mentioned above all had pH 
values less than 5.5, the pH when demineralization of the enamel can begin. It was shown 
that even though the energy drinks were of a similar pH range, titratable acidity of the 
energy drinks varied. Lucozade was determined to have high titratable acidity, which 
makes more of an impact on dental erosion, even though its pH was not the lowest 
(Milosevic, 1997). However, it was noted that calcium and phosphate had the ability to 
influence the downregulation of demineralization (Figure 3) (Milosevic, 1997). Lucozade 
had a lower calcium and phosphate content that led the intake of this energy drink closer 
to demineralization of the tooth (Larsen, 1990). In contrast with Isostar which had the 
lowest pH and mid-range titratable acid but was offset with very high levels of calcium 
and phosphate that could help have a lesser chance of tooth erosion. If energy or sports 
drinks were taken frequently and there was a large exposure towards acidic beverages, 
the sports drink along with bacterial fermentation from the sugar could progress into 
dental decay and potential tooth erosion (Milosevic, 1997).  
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Figure 3: Dental erosion from energy drinks. Dental erosion can be seen in this 
athlete’s incisal edges on the central incisors. The dental erosion was due to the 
consumption of energy drinks. Since energy drinks have such a low pH, they promote 
tooth decay and dental erosion, which was evident in this individual. (Figure taken from 
Milosevic, 1997). 
 
Energy Drinks and Systemic Health 
 There are both beneficial and adverse health effects energy drinks have on 
systemic health. Some of the benefits and the reasons why individuals consume energy 
drinks is for enhanced performance, boost mental alertness, improvement for endurance 
and energy, to decrease tiredness, enhance the body’s metabolism and improve overall 
functioning. There are studies that agree with the beneficial outcomes of energy drinks, 
when consumed in small amounts (Clauson et al., 2008).  However, it has also been 
shown that energy drinks may not produce as good of an effect as compared to other 
caffeinated beverages such as coffee or tea (Clauson et al., 2008). Many adverse effects 
on systemic health can arise due to energy drinks because of its composition. 
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Energy drinks pose potential effects on the body due to its high amount of 
caffeine. Excess consumption of caffeine from energy drinks can cause caffeine 
intoxication with symptoms including cardiac arrhythmias, seizures, rhabdomyolysis, 
hypokalemia, hyperglycemia, leukocytosis, ketosis and metabolic acidosis. Other risks 
that are linked with long-term use are CVD, myocardial irritability and fibrocystic breast 
disease (Shannon, 2007). Headaches, anxiety, irritability, agitation, lightheadedness, 
tremors, confusion, psychosis, seizures and altered mental status are many of the negative 
effects energy drinks can have on the central nervous system (Babu et al., 2008; Clauson 
et al., 2008; Gregory & Fitch, 2007; Shannon, 2007; Yew & Laczek, 2007).  
Cardiovascular conditions could be seen in individuals who consume an excess amount 
of energy drinks including palpitations, chest pain, increased heart rate, dysrhythmias and 
hypertension (Babu et al., 2008; Lattavo et al., 2007). A rare occurrence, due to excess 
energy consumption that leads to cardiac arrhythmias, is death (Babu et al., 2008; Reissig 
et al., 2008). These types of beverages contain such a high amount of caffeine that it can 
lead to CVD and the risk of having CVD is even higher in individuals that mix their 
energy drinks with alcohol (Miller, 2008). Hyperstimulation of the GI tract is another 
factor that can result from excess caffeine ingestion via energy drinks. Nausea, vomiting, 
abdominal pain, cramps, diarrhea, impairment of bowel functions, anorexia and 
gastroesophageal reflex are quite common symptoms in the GI that happen due to energy 
drink intake (Reissig et al., 2007; Yew & Laczek, 2007). A combination of excess 
caffeine and excess sugar contribute to these issues. Gastroesophageal reflux, heartburn 
or esophagitis are all complications that can result due to caffeine intake from energy 
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drinks (Shannon, 2007).  
 Additional studies were performed on popular energy drinks to assess their 
relationship to dental and general health. Clapp, Morgan and Fairchild (2019) had taken 
the most popular energy drinks in the United Kingdom to see possible effects of dental 
erosion or carious lesions (Table 6).  
 
Table 6: Ingredients for Selected Energy Drinks. The list shows ingredients in selected 
energy drinks and those that directly play a role in influencing dental and general health. 
This table lists certain ingredients in energy drinks that are seen to cause potentially 
harmful effects in oral and systemic health. Ingredients such as different types of sugars, 
carbonated water and caffeine, which is present in each of these energy drinks. (Table 
taken from Clapp, Morgan & Fairchild, 2019).  
 
 
 
The energy drinks tested were Lucozade, Red Bull, Monster, Rockstar and 
Relentless. The pH and sugar content of each was accessed. Dental caries and erosion are 
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complications that result from consumption of energy drinks, since energy drinks include 
free sugars and acids (Moynihan & Kelly, 2014). Free sugars contribute to 
demineralization of the teeth and ultimately carious lesions (Public Health England, 
2017). Results from the study showed that the pH ranged from 2.72 for Lucozade Energy 
and 3.37 for Monster Energy, which indicates that all the energy drinks were more acidic 
than the pH amount needed in order to cause demineralization, which is 5.5. The sugar 
content was also monitored and ranged from 10.83 g/100 ml for Relentless to 16.5 g/100 
ml for Lucozade Energy (Clapp et al., 2019). The sugar content of the energy drinks far 
exceeds the daily recommended amount of sugar intake. Different ingredients were found 
in some energy drinks. One ingredient was glucose syrup, which was an ingredient found 
in three of the beverages tested. Glucose syrups have a high viscosity that has the ability 
to hinder clearance from the mouth, therefore, sugar and other acidic ingredients are able 
to stay in the mouth longer than usual (Brudevold et al., 1998; Grenby & Mistry, 2000). 
Sucralose was found in Monster Energy and is considered as a non-fermentable, non-
caloric substitute for sugar (Sharma et al., 2016) and also has lower cariogenic effect than 
regular sugar. There are conflicting studies on Sucralose’s effect, where a study by 
Mandel and Grotz (2002). Discovered pure sucralose did not seem to have cariogenic 
effects while a different study by Giacaman et al. (2013) indicated sucralose did cause 
dental erosion and demineralization but at a less extent than sucrose. Other ingredients in 
energy drinks are important to point out such as carbon dioxide or carbonated water, 
which promotes tooth demineralization. Abraham et al. (2016), had discovered that 
carbonic acid had reduced the microhardness of dentine, which is a supportive feature of 
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enamel. Another ingredient is caffeine, but caffeine mixed with sugar-sweetened 
beverages have the ability to be more erosive and cause dental caries when compared to 
drinks without caffeine. This could be due to the weakening effect caffeine plays on the 
flow of saliva (Hildebrandt et al., 2013). The study had concluded that the energy drinks 
tested would be able to cause damage to oral and systemic health including dental caries, 
erosion and potential weight gain; Lucozade and Rockstar causing the most detrimental 
effects (Clapp et al., 2019).  
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DISCUSSION 
 
Through this evaluation of how caffeinated beverages, such as coffee, tea and 
energy drinks, impact oral and systemic health, it can be seen that there are a variety of 
outcomes that have the ability to be both beneficial and harmful. There are significant 
beneficial effects these beverages have on oral and systemic health such as having anti-
bacterial and anti-cariogenic effects in the oral cavity and systemic effects such as 
promoting improvement in cardiovascular health, metabolism, anti-inflammatory 
properties and more. Each caffeinated beverage that was reviewed had its own way of 
producing positive and negative consequences.  
The main consensus observed the consumption of tea, especially green and black 
tea, is that they have an overall positive effect on oral and systemic health. Green tea 
consumption decreases the likelihood of having dental caries and when incorporated with 
mouthwash, green tea was found to prevent dental erosion and abrasion (Magalhaes et al., 
2009). The notion that green tea has beneficial effects is valid but other types of tea have 
been shown to be less beneficial. This is supported by Brunton and Hussain (2001). 
Herbal teas, which have citrus notes, tend to cause a greater risk of dental erosion 
compared to green or black tea (Brunton and Hussain, 2001), which can be agreed due to 
citrus being on the acidic side of the spectrum and creating a more acidic pH compared to 
green and black tea (Brunton and Hussain, 2001).  
Anti-carcinogen properties were also seen in specific tea components, particularly 
polyphenols. A variety of studies had pointed out that drinking multiple cups of black tea 
had the ability to decrease the risk of contracting lung cancer (Mendilaharsu et al., 1998) 
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yet other studies had said otherwise (Le Marchan et al., 2000). Other studies can 
contribute to the benefits green tea has on cardiovascular health by showing a decrease in 
body fat, blood pressure and low-density lipoprotein levels (Nagao et al., 2007; Fukino et 
al., 2005). However, more research should be carried out to better understand the 
pathophysiology behind this and other relations between tea consumption and cancer, 
since their results are encouraging. Studies vary due to location, frequency of tea 
consumption and other aspects that may sway research findings. In countries where green 
tea is primarily consumed, different effects to oral and systemic health are observed in  
the U.S. relative to the United Kingdom where black tea is primarily consumed. Another 
factor that can sway the research is the oral hygiene routine of individuals in a study, 
since better oral care leads to less damaging results compared to individuals that do not 
care for their oral health as much.  
Coffee also has its benefits and harms but has the ability to do more harm than 
good when consumed in excess amounts, which many individuals do. A large population 
of coffee drinkers are college or professional students. The late nights in the library and 
countless hours of studying may require a little pick me up and if it is not controlled, then 
the amount of coffee consumed can be greater than the daily recommended amount. In 
high or excess intake of coffee, there could be negative consequences on health such as 
increasing the likelihood of developing CVD (Farah, 2011). This idea is supported by a 
study that evaluated complications include tachycardia, high blood pressure, occasional 
arrhythmia and increased risk of having a stroke with excess consumption (Bonita et al., 
2007). Another complication was the potential to have an increased chance of tooth loss. 
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Coffees that included additives, such as cream and sugar, and in addition instant coffee 
were both seen to increase the risk of tooth loss through the chance of losing the integrity 
of oral gums (Song et al., 2018). This is possible due to sugar stained in the coffee having 
a fermenting affect that could later cause even more damage to teeth and increase the risk 
of damage to the enamel (Das & Rajput, 2013). For comparison, coffee with all the 
additives have the potential to cause harm to the oral cavity while coffee without 
additives are seen to have a greater beneficial impact (Namboodiripad & Kori, 2009). 
Therefore, it can be noted that adding ingredients such as sweeteners or sugars that are 
known to be harmful on teeth, to coffee can cause negative effects on oral health. One 
additional negative outcome resulting from coffee consumption is tooth discoloration; 
patients come to the dental office to lighten their teeth. Some constituents found in coffee 
have the ability to cause teeth to turn a yellow color (Greenwall, 2017), which would lead 
individuals wanting to get their teeth whitened. However, it can be noted that all these 
adverse traits can potentially be prevented by use of having a better oral hygiene routine. 
Another source referred that not having proper oral hygiene while consuming these types 
of caffeinated beverages can lead to these poor consequences, that can be visibly seen 
(Woudstra from Colgate, 2019). In contrast, there were studies that show a positive 
outlook if consuming coffee. In terms of anti-cariogenic and antioxidant properties, 
coffee was shown to help individuals lacking from these assets by consuming limited 
amounts of the beverage. Actions against pathogenic bacteria, that cause caries or other 
oral health harm, can be prevented by the consumption of coffee due to coffee’s 
polyphenols (Antonio et al., 2011). Therefore, there are both negative and potentially 
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positive outcomes that can happen when drinking coffee. It really comes down to the 
amount of coffee consumed. Other factors that can affect the way coffee impacts teeth 
can also be by the type of coffee brewed and how the roasting process is for certain 
coffees.  
The amount of caffeine found in energy drinks is considered excessive when 
compared caffeine from a cup of coffee or tea. This boost of caffeine understandably 
gives individuals the desire to consume energy and sports drinks in times of need. 
Specific ingredients in energy drinks enhance the effect these beverages have on systemic 
health. There are mixed reviews regarding certain constituent effects of energy drinks 
therefore, more research and tests are needed to get accurate information. Athletes are 
some of the most popular groups of people that consume energy drinks, which help to 
provide athletes energy and overcome fatigue (Hoffman, 2010). Even though there are 
potentially positive aspects in drinking energy drinks, such as to combat fatigue, there are 
dental complications that can arise. Dental erosion is one consequence because the pH [of 
energy drinks] tends to be even lower than the amount needed for demineralization of 
teeth (Coombes, 2005). However, damaging effects could be a combination of not having 
good oral hygiene and frequent consumption of energy drinks, which can lead to dental 
caries and erosion.  
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CONCLUSION 
In summary, there have been a variety of studies and literature that have 
showcased the significant beneficial effects caffeinated beverages, such as tea, coffee and 
energy drinks, have on oral and systemic health. The benefits that have been seen include 
anti-bacterial and anti-cariogenic effects present in the oral cavity and in respect to 
systemic health, these beverages show great improvement in cardiovascular health, 
metabolism, overcoming fatigue and anti-inflammatory properties. However, the intake 
of caffeinated beverages in excess amount can lead to negative consequences and 
outcomes in the body such as increased risk for cardiovascular disease, loss of tooth 
integrity due to sugar and staining which leads to tooth discoloration. The research that is 
currently available has made valuable steps in understanding the oral and systemic effects 
that these beverages have but there are still a handful of unanswered questions and 
information that could be furthered studied in order to truly clarify the mechanism of 
action specifically related to the ingredients seen in caffeinated beverages.  
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